PCT 



Alls Dkt No 2HMMK)()h 
Serial No ( W45.o^O 



"<*I.I> '■ vr '^-i-ICTrAI.M KO pr-RTYf)R f MK. 



Rd'acncc No UN 

10 




international app- ,<•,, PrMI , Buroau , W 

I <*>T«„;^^ TR , A . n 



fiOIN 21/55, 21/05 



AI i 



! '21, l„u-r.uui«,„ al ApplU-ntion Numtn-r- ,>< , 

■Ml .Sl:9y.(j00<u 

1 122) Infcrnalional I- ili„^ i) illt , ; , 

I ■ > I.HiiKiry l')'h) i \ ').i)) i,( h 



'>')I.,.c.rna 1 ional 1 . u , )li , a(iHnNl ~ W{) 

"II r i 



22 Jnh \i>i). 



(30) Priority Data: 

09/009,] M) 



20 January 199* f20.Ol.9S) 



JS 



f7 l> Applicant rAv ■ ail iies ivnal(>(} v „„„.. 

; S }. m i u "^ naUl l MMcs except US): BIACORF \n 

*72j Inventors; and 

STALBERG, Ralph iNoS- n m Kn,Vsta < SE ^ 

BoTelcmark fNO). '* UMJJ ' ^rstve.tvegen 6, N-3800 

(74) Agent: AWaPATENTaR p n r, I 
Stockholm (SE.. ' B ° X 45086 « S-104 30 



43) International Publication Date 
<«U designated States; JP t'S Furore 

Published 

H>//7 international search report 



<*4) Title: METHOD AND DEV/CE^ 



FOR LAMINAR FLOW ON A SENSING SU 



SURFACE 




(57) Abstract 



Methods and devices -,rr »™ ■ i w 
larripv fl™ , ■ ■ ICC ' S dre provided for cn P t^n;«„ „ fl , 

n.«c s ; : rsr ,o * - ™« ? 0 ^r: r a , flow ceJ , ( , on) _ 

qU "' SenS,t,Z( - d ""sing surface,, and sensor de V e ' T™* ^ 

dev,ces an d systems arc also 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LL 1 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Laivia 


SZ 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


C.N 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Paso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


LA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UC 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


L'S 


United Stales of America 


CA 


Canada 


IT 


Italy 


MX 


Men ico 


LZ 


Uzbekistan 


CP 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


a; 


Congo 


KE 


Kenya 


NE 


Netherlands 


YU 


Yugoslavia 


CM 


Nwii ?rf land 


KG 


Kyrgyzstan 


NO 




Z\V 


Zimbah*" 


CI 


< 'otc d ' Ivoirc 


KP 


Democrat if People's 


NZ 


New Zealand 






CM 


1 ';imrrfxm 




Republic of Korea 


PL 


Poland 






CN 


China 


KK 


Republic of Korea 


FT 


Portugal 






CL 


Cuba 


KZ 


Kazaksian 


RO 


Romania 






CZ 


Czech Republic 


EC 


Nairn Lucia 


RL' 


Russian Federation 






I)F. 


Germany 


11 


I Liechtenstein 


SD 


Sudan 






i)K 


Denmark 


EK 


Sri Lanka 


SE 


Sweden 






EE 


Lsionia 


LR 


Liberia 


SG 


Singapore 







pCT/SF.99/00063 



\V() 99/36"<>(> 



L 



N4KT1101) AND DEVICE FOR 
A MlNARF1..0WONASHNSlN(iSURl-AU 



10 



HELD OF INVENTION of a (lmd flow 

The present invention generally relates 

■ » ■ flow cell and. more specially, to the us 
over a sensing surface wnhm a flov, a . ^ ^ ^ ^ 

lammar flow tec^ues to ^J^J^^**,^* 

sensing suna^ « — 

BACKGROUND OF INVENTION lar lnter action Analysis 

• ♦ mpn^on for real-time Biomolecuiar 
lnstrumen.at.on i-r under me 

* — * -* t :°r B r " — > * — 

mic name BlAcore (heremafter 

— -r r-s^^- — • pro - E r 

beM ee„ molecules atthesurto ^ _ for 

Wllh h,uid handlmg ^J^. re*-. <o as the W » 

control and data evaluation. One m fce 
, mm „b.U 2 ed on the surface of the senso, cb* ^ ^ 

flows over the surface of the sensor c , M *e , ^ ^ 

a cpt? ic used to measure a change iu 
the immobilized l.gand, SPR ^ ^ ^ ^ „ thc 

the surface of the sensor chtp. ana , ysJS of 

immobilized ligand gives .bis technique specify, 

interactions ,n complex mixtures. _ ^ a , arge 

The BlAcore instrument has ^ 

has been published concerning its operatio 

volume of literature has bee P ^ 

ap p,icabil,, S For example published CT ^ ^ ^ pub „ sh ed 
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\u ^^mbc in considerable detail 
wwl H„*„ te P^^hy B.AcorcAUu.scK 

. ^ ,h<- Hf\core instrument. 

,„ e sensor chip. Bmd.ng of .he . ^ _ ^ ^ res0 „ ancc 

refractive index which is mom.ored - ^ ^ p , 0(s 

j u cpp The data take the lorm en a _ 
ang ,e as measured b> ««. * A srgna, of .,000 

th e srgna. in resonance nn„s W_ ^ p „ mm . (Jo h„sson e, *. 

eorresponds to .he bin tog »• — „ aL .,. ^ 

,„«,, Biochem '"^ ^^^W.SH^. 

597:397-410, 1992: S.enberg el al.. Co/fo«i 

1991) - , „r lhe BlAeore instrument, ihe sample is 

During operat.o of to ^ ^ (IFC) . 

Slivered ro the sensor chip « - » J ^ , ^ s „ icon p0 ,vmer 

The 1FC consists of a senes of preotston ^ ^ ^ ^ ^ 

p ,ate, forming sample loops and flow c a ^ ^ 

Th e 1FC is pressed into contact ^ ^ ^ by (he B1Acor e 

witmn the BiAcore instrumen . J - ^ ^ ^ ^ (as 

instrument is depicted m F.gure lA.wmcn ^ ^ ^ 

vieiv£ d from above,, with the mse, showtn a ^ 

depicmg a flow eel, formed from P^". rolled b, a se, of 

sample „„„ through . samp)e tough , he 

p „euma,ical, actuated diaphragm s ■ ^ ^ ^ ^ fte 

var ,ous chattels to the sensmg - ^ or analysls 

BlAeore instrument (e.g., BIAc ^ ^ fceing passed 

in up to four flow cells. For example, g» ^ ^ nM 

ii- in Qpr^s (labeled rL 1, ^ 
lhro ugh three flow ce„ 5 , - < ^ ^ ^ ^ ^ , sm? ,e 

specifically depicted m Tigure in, 

flow cell for analysis (e.g., FC ^- 
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~i iimv c"lN lwvinu a cross 

^ BlAc**t ^ ^^^^ 

, u - o tntnl sensine surtacc area in uu-u 
60 nanoluers <nl,. and having « ci ;„ ohl , m , mM1K appro.matCy ..6 

approve, ..2 mm'. A iocuscd m^ , ^ ^ ^ 

mm the tatfh of .he sensmg surtac. .or ca ^ ^ 

, magin? about 0,7 mm of the w.dth of, he sens ng^ ^ ^ 

a sensmg area wnh.n each no, cell of about 03 -JL fe „ 

BIAC0K „. — . 7— j; ::i 8 h ™- 

,. t „„* <-„.. r different sensing areas, passage 01 v 
^ • , r , Pfl FC2 FC 3 and FC 4). 

. . BIAW ...rumen, offer, numerous advantages, and represent ^ 
me B1A ^ mnle deliver v techniques, improvements tnereto are 

„f the art with respect to sample del 0 , , impoma 

*» -mple be dehvered ,0 e.h ^ ^ a ^ p , ug „ 

wit h mmima. d.sperston a, sample b„ ^ ^ ^ ^ 

created by switching between sample and buffer flow 

pneumattc va.ves. Wh.le ^^^JZ^^ 

^"^^^ZL of the sample is d«,ed by 
„f sample introduce where the concen ^ 

— * miHng ° f " It Li o I el in ser.es ,as depicted 
Further, disper.on tncreases w„h the m and M 

m figure IB,. Such disperse result , - n ^ ^ 

— - ,he b T:: d : , riwe * — *— 

.. nsc and faH t.mes hm, the a y ^ ^ _ ; (o 

.meracons with hrgh rate constants). One y 
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, v.muons between flow cells tan 
In addition, temperature xanations 

• • r-vtivt- index reaction kinetics anu 
i c . im nlc analvsis. Since reh active mut-v 

^.t— 1*» im surfatc a[C a „ * 

mass .ranspor, of *e anaMe u, „» al con.ollcd 

lcmpe rat U res. Oue.o^s.P--- . ^ a sourK „ f 

measurement error. 1 urlher. flQW ^ „ or 

m »i- immnbi ization 01 duieruu n-,ai 
00 U,C> " ' Rather such modifications are only achieved withn, ^ 

a single flow cell. Rather, s as noted abo ve. 

- * t::: ~ ;: 11 - art for ^ samP , e ^ 

t n™« rell-based detection instruments, sue 

*e BIAcore instrument, as e c „ ange in a 

Ration. TO tna, end, any tnstrume *^ ^ may ^ from 

p roperty associated - a flow cei^a ed ^ ^ ^ 
imp r„ved sample delivery techn.que ■ SucntmP 

lioui d exchange rates oetweer, sampie and bufc ™m » ^ 
co „ t ro, across muitiple se„sin g areas, and pern,,, a nety 

tKhmqu es •o.uHip.esensin, areas W ^«eo»«. ^ 

The present invention fullills mesc 
related advantages. 

SUMMARY OF THE INVENTION directed t0 the control of a fluid 

in brief, the present invention is directed 

tl0W ove r a sensing surface within a flow discrete 

on--;— 5 ;rr^^-— 1 

sensing areas within the ow cell P ^ the two flows 

fl0W rates of at least two laminar fluid flo ^ ^ ^ ^ 

may be laterally moved over the sensing surface w 
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; r .ntrollahlv positioned within the flow cell mc, one oi 
nian „cr. the Hows may be controllahlN ] - 

r..,, und further permits a wide range oi surface 
more discrete sensing areas, and ninn , 

modification and-or interaction at the discrete sensing areas. 

One aspect of the invention provides a method of sensitizing a 

to be nassed bv a liquid flow. The term "sensitizing 
s sensine surtace arranged to be passea . 

" means ;„ y or — of .»= senstng ^ - « - ~£ 

* cap* of specify wt.h . des.re J * ™ 

courses proving a «~ *. «* <*" - « ^ ™ ^ 

u a vnf the first fluid so that the two laminar flows togetner 

fluid adjacent to the flow of the first uui 

* -J 1 ,1 fit (M M >«. 1 lilt i i i . 1 L 

,0 pass over *e sensing surface with an interface ,0 eacn .-. — 
Id betn, capable of sensi.iz.ng the senstng surface, and ad.ust.n 
„„, rare of one or both of .he two lammar flows «o posu.on the ,n,e rf 

s£nsta g surface for selective sensi,,za,io„ .hereof. 
,, In one embodiment, the sensing surface >s - 

th e surface with a ftrs, fluid that sensH.es the same, and a second fluid .ha. does 
V ,he surface In a variant of .his embodiment .he procedure ts 

20 the senstng surface differently tan the firs, fund to produce 
sensed areas, op.ionaiiy spaced apart by, or accent to, a 
of the senstng surface. In other embodiments, a stepw.se gr a , r„ 

• , i ♦ flow rates of the aminar flows to displace me 
produced by varying the relative flow rates 

• i 0 j; pnt censitized area on the sensing surtace 
interface laterally and provide a grad.ent- sensitized 

tv^ rplative flow rates oi the lammm 
7, or alternatively, by continuously varying the relative flow 

flows to generate a continuous gradtent-sensit.zed area. 

in still another embodiment, an additional lammar flow of a 

. u of the flow of the first fluid so that the laminar 

fluid is provided on the other side of the now 

: ofl flrs, fluid ,s sandw.ched berween the lammar flows of fhe se™ a 

u «w of the first fluid to be positioned laterally on 
30 third fluids. This permits the flow of the fir.t 
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„,, « surtacc. >■ the second a,u rd wiueh mav I, .he »n, or 

rtm „ r sc „ s ,„, ing llu ,„ m ,v be p**- ™ stns,n? ; , 

Bv * — procedure »«, . - J 

, scni , tl21ng m flutd. vanoc. ^ «™ - - '= ; h 

' „ ulJ , ,„o or mo. rows of se„ S m,ed surface areas may be proved on 

sensine surface. rt ; t v^r i 

" !n ye, anorher embodiment, fhe method is used to produce etther 

r ow or matrtx of sensmzed areas on the sensing surface. Th,s may be acbteve 
,« bv repeattng *e procedure w,,h a different sensmz.ng I-.. — _ 
applv L the laminar flows a, an ang.e, typically transverse.,, to the orrgtna, flow 
I:!;. Such rows or matrixes have a number of beneftcta, a PP hca,ons as 

15 fluid sample for one or more a„a, y ,es. ^^"^^l 
se „si„ g surface by m-mobilization of an analyte-spectftc hgand „ntfr~ 
surface by the methods descrtbed herein, contactmg .he sens.ng surfa e w h 
fluid sample, and detecting in.eraCon of a„a,y,e in .he <« samp e h 
se „s ltiz ed area or areas of ,he sensmg surface. One or more non-senst.tze 
20 may be used as a reference area or areas or, a,.e m a„ve,y, one or more areas 
sensitized with a control ligand may be employed. 

Still another aspect of .he invention provides a method of analyzmg 
a flmd sampie for an ana.yfe where laminar flow of the fluid is to posi»„ .he 
sa mple flow on .he desrred sensed area or areas. The me hod omp 

area betng capabie of selectively interacting w.th .he analy.e; passmg a fc* 
,am,nar How of ,he fluid sample over the sensrng surface, bu. no. ,„ con.ac w„h 
th e sensitized area; pass.ng a second lamtnar flow of flutd that, not cap* 
, nl erac,.n e wrth .he sens.ttzed area over the sensrng surface, the second rm r 
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detecting interaction ol andl\tt 

1 ,,. where the whole senstng surface ,s sensmzed and 
orily . par, of the : « - ^ m „ ay , bleed , ng as „,„ as ^ 

,hc o,her r: ,s ; : ^ ^ * ™. 

U" culuru " J . ,„., tized s „ rf ace which is capable of select.vcl) 
■ 0 method compnses proving a - » ^ ^ sample OVK 

a first part ot me sensitized suria . with the 

n ~f fluid that is not capable of interacting 
passing a second lamtnar flow of flmd P 

v snrface over the remainder of the senstt.zed surface (. .<.., 
senstttzed surfac 0 er ^ ^ ^ ^ , ammar 

15 senstng area,, where r, the second ^ ^ ^ ^ 

flow and the second senstng r «*v ^ 

.^action of anaiyte ,n the flutd sa„ P - ^ ^ 

embodiment, the reiat.ve flow rates o *e ^ _ ^ ^ 

adjU s,ed such that the firs, iamtnar flow ^ ^ ^ ^ 
20 second sensing area, and tnteractton of analN.e 

, ami „ar flow technics are ^.0 , ^ ^ ^ _ 

25 flow ceil to a posttton where the sample ^ ^ ^ 

• t - cpn^inp area on a sensing 
sensitized sensmg flow througn 

interacting with the anaiyte; passu* fluid sample 

free fluid in a second laminar Now mruu e 
t h e now cell; pass.ng analyte-free flu.d ^ 

30 flow cell, the second laminar flow being adjacent to the 
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P . , , r ,T chancin" the relative tlow rate. ot Uk 

iv,,- <iensit zed sensing area, uian-m- 

:r£.~- - — ~ - r ::rir :::: 

- , n H determining association ot anai>it 
5 fte sensed sensing area ***** ; ^ ^ dissociali on 

SenSltlZCd SCnSinS J 1 I terallv so that the sample How is no longer 
comprises shifting the sample How lateral* > diss0 cianon of 

in contact with the sensitized sensing area, and determining 
„„ q ..,„ fr 0 m the sensitized sensing area. 

anai; ^ '•• . n „;j p . o censor device 

Still another aspect of the invention provides a 

,5 entering «he flow cel, uuough ,h= respecttve into opentngs can 
13 entering in clir f ace In one embodiment ot the 

, hro „gh the flow cell and contact the senstng surface, n 

sensor device, the flow cel, has two tnlet opentngs a „ ea 

f ,v, v flow cell tvoe (/ e., having two inlets and a single ou , 

"^"t 'I! I , t IC, has three into opentngs an, a, ieas, one 

20 outlet opening to establish mr wine three inlets and a 

through the flow cell, and is of the * flow cell type (,,, havuig 

single outlet). , ^ii k of the two-dimensional 

In still another embodiment, the flow cell is of the tw 

25 and at least one first outlet, and ,n an angula 

b etwee„ the. (usual, transverse,,,, at leas, , t» see ^ » ^ 
s eco„d outle,. A representee flow cc„ oh, ^ 
cell. Another variant of a ,w„-d, m cns,o„al flow cdl 

50 w dimensions. The senstng surface ma y have a, leas, «o adjacent sc„s,„ fc 
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areas in ,he flow Brecon .„ the 11 c„. pamcttiarly ,, h,s e - 

„, al ,cas, one retercncc area 

specifically interacting with an analytc 

Yc, another aspect of the tnventton provides a sensor »«m. 

5 comprtstng a How cel, having an inlet end and an o„„e, end: a, leas, or, « 
ar ea on a senstng surface withm the flow ce!, between the ,n.e, and on e, ends. 

elv ee,, having a, leas, two tnlet open.ngs a, the inle, end. and a, leas, on 
1 opening a, the outlet end ; mean, for applying laminar flutd flow, through 
: sue,, tha, the lamtnar M* flows pass side by side through , e 

lltnar flow, of flutds to va, the respective lateral extenstons of the lamtnar 
Hows oyer the senstng surface contatning the sensing area or areas; and, 
detectton means for detecting miction events at the senstng area or area. 

These and other aspects of thts invention w,U be evtden, upon 
15 refer£nce , 0 the attached drawtngs and the folding detatled deseripttorn 
Furthermore certain references have been cited herein for the purpose of clartty 
" le/eness. Such references are each incorporated heretn by reference ,n 

their entirety. 

BRfEF DESCRIPTION OF THE DRAWINGS 

Figure 1A (prior art) depicts the channels and valves ,„ an IFC 
v>e „ed front above, while the tnsert shows a side view of how the flow cells are 
formed by presstng the sensor chip against the IFC. F.gure IB (P r or rt 
lllu s,ra,es sample flow through three of four flow ce„s »,he empty and filled 
circles represen, open and closed valves, respectively). 
25 Figures 2A and 2B illustra.e a Y flow cell with two lammar fl»s 

(rmc buffer flow and one sample flow). 

F, c „re 3A illus.rates the sample inrerfaee portioned adjacent the 
sensing area, whde Figure 3B shows ,he sample fluid covenng Ac senstng area 
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Fi„urc 4A illustrates a Y flow cell having tun sensing areas wuh 
tb , s , mpk tlou'initiaUv adiucent to both sensing areas, while Figure 4H shows 
Uk intcrfaee displaced such that the sample flow contacts one of the sensing 

Figures 5A and 5B illustrate a representative V flow eel, having 

two buffer flow inlets and one sample flow inlet. 

i-i-t -™ ; n thp Y flow cell over contact time, t. 
Figure 6 represents diffusion in the \ now 

„ herc f is ,he flow B «. L is ,he length of ,„e flow cdl. and A U ,he cross secon 

„ n i f Vl t-i fl V f-Cl 1 

Figure 7A depicts the concentration of the sample at different 

f th* v flow cell while Figure 7B shows the 
contact times in a cross section of the \ flow cell. g 

concentration of the sample at different contact times in a cross section of the 

Figure 8 illustrates formation of a gradient in the Y flow cell by 

• u " ip ™A buffer flow rate during sensitization of the sensing 
15 changing the sample and butter now id 

surface 

Figure 9 illustrates a Y flow cell having two discrete sensing areas. 
Figure 10 illustrates a T flow cell having three discrete sensing 



10 



areas. 



20 



Figure HA illustrates a representative two-dimensional (2D) ¥ 
flow cell, with Figure 1 IB depicting a cross-section thereof. 

Figures 12A through 12E illustrate generation of sensitized rows 
on the sensing surface, and an overlapping sensing area. 

' Figures 13A through BE illustrate generation of a sensitized 

matrix of the present invention. 

Figure 14A illustrates a flow cell having two sensitized areas and 

one non-sensitized area, with sample flow contacting al, three areas. Figure MB 
.Uustrates an alternative embodiment having two sensitized areas and one non- 
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sensitize 



zed area, with sample tlow contact, one sensitized area and the nun- 



sensitized area. 

Figure 15 depicts a representative Y flow cell. 
Hgure 16 illustrates a representative one-dimensional (ID) M' How 

Fieure 17A illustrates the diffusion width of the ID V now cell as 
measured at 2 - and 10 mm from the mlet for different How rates 
different contact times), and Figure 17B graphs the diffusion width versus the 

^Qt~l+<jct |ltTlP 

' "' ' viwK ,8 graphs diffusion widths of different proteins and 
molecules at different flow rates and a, different concentration limits. 

Figure 19 is a schematic cross section of a V cell with the relative 
sample concentration on the v-axts and length on the x-ax,s, perpendicular to the 
flow direction (the positioning width is the width where the sample Conc- 
ho, 9% , and the separation width is where the sample concentration ,s <0 /.). 

Figure 20A. 20B, 20C and 20D illustrate use of a V flow cel. for 

d ' alyS,S ' Figures 21A and 21B represent the part of the sensorgrams that 
show the rise and fa„ times, respectively, for different flow cells, and Figure 
20 21C shows a plot of rise time versus sample flow. 

Figure 22 presents a comparison of the hqu.d exchange rate 
constants fo, representative Y. IFC3 and 1FC4 flow cells. 

Figures 23A through 23F illustrates sensitizatton at mo discrete 
sensing areas, and selective analysts of analy.es specific to such discrete sensing 
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25 areas. 



DETAILED DESCRIPTION OF THE INVENTION 

As mentioned above, this invention is generally directed to the 
control of a fluid flow over a sensing surface using laminar flow techniques to 
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- -,mnle tlow" or -sample- ) into contact 
bnn? lh , thud ,aU, r*,d H, as samp, - ^ ^ 

. » «. « dis^ « « * — • ^"i methods devices 

« - *c prep— - «-« - a " a ' U ' : surlacc . a 

allJ svs ,ms ^ .here, ,„ -«= — - ^^""V, I,,,,, suiface 

... tix u v cp lective v contacting 
f h tn herein as "sensitization ) b> seicuixci, 
(referred to herein ^ d under 

.1 _ 4- I <->, « i r ^>yi IV ill L I 1 I ■ 1 Hi ' v " 

° app " ca,,on Trr:;i d ,,ve — * — . « - 

T ., or T , ho ds. such as piezoelectric, op-'. *™o 0P"=- 

15 reg ard «o optical detection methods, ep includ ,„ g 
detect mass surface concentrate such as for o ^ 
both internal and external reflects methods, angle, 
res „,ved for example ellipsometrv and evanescent wave spec«rosco» ( 
:; att ; r „ surface gasmen resonanc • <™ J-^ ^ 

- ^^^JTTJrSS; (ST,), optical 
evanescent wave elhpsometry, scattered 

™ pv»nescent wave-based imaging, such as critical s 
wave guide sensors, evanescent 

res „,ved imaging, Brewster angle resolved imaging 

wi the l*e Punnet, photometric methods ^^^1 d ^ ^ as 
25 fluorescence ( T.RP, and phosphorescence ma, als , - 

\vv,;1p the nresent invention is nerenwn^ 
^veguide interferometers V,h,le , ^ ^ ^ 

■ .v,- -nntext of SPR spectroscopy, it should oe unu 

in the uoniexi w ^' i . .^rVmimie wherein a 

Rithrr anv instrumentation or technique 
not limited in this manner. Rather. an> 

30 laminar flow conditions may benefit from this invent,*, 
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i i v the irescnt invention invohes contacting a 
Vs mentioned abo\e. tin. p.eNUH 

' ()r more discrclc sc „s,ng areas on a sensing surface under 
sample with one or more ~ ^ ^ t 

lammar now conditions within a flow cell. A. 

now" corresponds to a Reynolds number below 200, and 

Th e Reynolds number (R e ) is used to desenbe the character of a hquui flow 

the sensine surface, and may be expressed by the following Equation ( 1 ): 



ydp (i) 

Li 



wher e V ,s the average linear flow rate (,,). d is me ***** of .he -p,£ m 
p i, the densnv of .Ke fluid i^h and P is the absolute v,scos,.y of < e 
, . ,, . v con ,ex, of a flow cell having a rectangular cross seeuon, the prpe 

,o (Ns.n,-,. In .!,„ conte. ^ <D h >, which 

dtameteris more appropriately replaced . 

1S given by four times the cross sectiona. area d.v.ded by the penme.er of , 
Z eel, , e D h - w and * are the vv,d.h and he.gh,, 

; ; : * « h e « - . ^ ~ 

.• m „v more accurately be represented by Equation (2). 
1 5 a rectan gular cross section may more accurately y 



VD>,p (2 ) 



,, should be noted that Equation (2) assumes that the sensing 
sur face is ideally smooth and wHh a curvature tha, can be neg.ctecX Thus. any 
regularities, pronounced curvature of the surface or sharp bends * ^ 
M eel, may lead to formation of ,„ca. turbuienee and should be avo.ded. Further, 
LJflow w,,hi„ the flow cel, is best acmeved a, some distance o = 
of the nuid ,n,o the flow ce„. To this end. Weber and Prudy 
,00:53.. 1978, have proposed the following Equa.ion (3) for ensurmg lam.nar 
flow al a distance from a flow cell entrance <L e ): 

L e *0.05R e Dh <3) 

25 e 
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^ mentioned in .he background secl.on above, .he rise and lall 

111 , s „,.,,,.«ii.w.»— '" r ,h v a T'„' 

concentrate ,o rtse Iron, 0% » .00% over » «*~ »" d 

back „, 0%) hm.ts UK abthty ,o resolve fas, reacon fancies A. the W 
, and end of sample .n.roduc.ton. *e * d.lu.ed by d.spers.on v.,.h dK 

cria solut.on buffer,. Thus, rather ,han .nstantaneous nse and Ml tunes, 
.here ,s some ** lag due ,0 d.spers.on of .he sample. Sueh dispersion can. as a 
f,™ approximation, he described by a firs, order kinettc proeess accordtng to 



V-,Vm>,ti AD (A\ 



where ^ is the liquid exchange rate constant, C„ is the concentration of the 
sample and C is the concentrate of the sample at the senstng surface. 

In the BIAcore instrument, the concentration of the sample a, 
sensing surface, C, is domtnated by the d.spers.on in the flow ce... Mul.tplymg 
15 E , u a,i„» (4 , w„h the tn.egra.ion factor and integrating the same g.ves 
following Equation (5): 



c=c„(.- e -'-') (5 ' 



This equat.on approximately describes the rise of the sample concentrate at the 
sensing surface during a liquid exchange. The fime requtred by the l.,u. 
2 0 exchange may, for examp,e, be deftned as the time to reach 99% of the final 
value. Using Equation (5), rise time may thus be expressed by Equate (6): 

4.6 . 

0.99 = £ =(l-^') => risetim=U " = T^ ( 

Thus if the nse time to 99% is known, the liquid exchange rate constant. 
can be calculated from Equat.on (6). Similarly, the first order equation for the 
25 liquid exchange during the fall is described by Equation (7): 
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15 



( / ) 



• t ■ ti f -IHwin^ Fcm'iMo" (8) tor the time it takes to fall in 1% of the 
■hich Gives the iollowmu MjudLiUw w / 



w 

plateau value 



0.01 = ( c kt "' 1 ^ fall time = ^"''-'^ 



5 



To obtain an experimental relationship between rise time (or fall 
time) and flow rate, the nse ttme to 99% of the steady state coneentrat,on (or fall 

■t-^ -n-r~i^ fin\v nrconlins to 
time to 0.01%) can be measured and pu-u^u ^ — >-r - 

Equation (9): 



V.-60 (Q) 

Risetime= s^kfl^ 



10 where V a corresponds to the volume of sample (pi) that must be displaced during 
an exchange of fluid. In Equation (9), sample flow is expressed as a sample 
volume per unit ttme (ul/min), and the rise ttme is measured in seconds (hence 
the presence of the 60 sec/mm conversion). Expenmental results for 
representative flow cells of this invention are presented in Example 4. By 

,5 determining V a from expenmental data, Equation (9) may be used to calculate 

rise times for different sample flows. 

Further, Equation (9) may also be used to obtain an expression for 
the time to rise to 99% of the original concentration. Combining Equations (6) 
and (9) the liquid exchange rate constant may be expressed as Equation (10): 



20 J ^ 



(10) 



V -60 



V Sample flow; 



Under appropriate cond.tions. .his equation may be used ,0 calculate the ''1 u ' d 
exchange rate constant for different flow cells The larger K Lqx . .he faster the 
reaction kinetics tha, car, be measured. A comparison of liquid exchange rates ,s 
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presenled in Sample ^ .« »> """"^ rq "" C " U " V -' " 

of this invention. 0 , 

Will, regard to suitable flow cells lor use P 
,„„„„„„ such flow cells may assume a numhcr of fomvs, the esign - ^ 
I var w.dely depending ^ - — — 

i ■ .u f . n -a C tice of this invention. 

cmplU - W r . , nl . nl a flow cell of this invention has two inlets and 

In one embodiment, a now tui 

, , tV-rnn^h the I 0\\ Cell muv, ^; 

inlets and travel thro J b n tn. n ^ 

1 +w a cpn<; np surface is locaieu diuug ci * 
conditions, exiting the outlet A sensing 

r .i. n„,„ rdl such that at least one of the liquid streai 
the interior volume of the no. cell embo d„»en, is 

15 contacts the sensing surface. A representative flow cell ^ flow cell " 
depicted in Figures 2A and 2B, and is referred to herein as a Y flow e ^ 

Referring to Figure 2A, a cross-sectiona, vtew of Y flow cell 
■ • , , ™< 910 and 220 and outlet end 250. The flow cell has 
illustrated, having inlet arms 210 and , flrst fluid (such as a 

interior ,e„g.h I, width w and heigh. » (no, shown). A fi st fl 
2 „ puffer,, depicted hy arrow 230. enters flow cell 200 via ,n e d 

M d ,such as a sample,, depicted b y arrow * ^ 

fluids travel length / of the How 

Interface 290 separates first fluto 230 from second fluid , 
25 ex,„„g outlet end 250 of the flow ce,l as depicted t, arrow 7, 

An isometric view of a representative Y flow ce 

, ,,, ,„H ,25 respectively, and having a common outlet 2«. A 
containing inlcis 215 and 22 = . respect, y ^ 

0 /r Rn tprc; the flow cell via mici 
first fluid, represented by arrow 265 enters the 

, u „ enters the flow cell via inlet uo. i» 
30 second fluid, represented by arrow 275 enters 
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two ,U,,ds travel ,n the dtrect.on ofou-lc. 2- -de, lanmvar -^-"-^ 

cxl „„ e outlc, 255 „ dcp.ccd by arrow 285. ^ 

.\i the wo fluids (ravel through tin 1 flow 
, f >ures 2 A and 2B, a, leas, on. of Uk Cuds comes ■„ contact wi,h a d.screte 
' seLng area a,„n g a wah port.on w„h,n the tntertor volume o f ,he flo» ce.h as 

.laction beween the flu.d and the sensing area may mvoKe a ^ * 

r ..,.„H :„ , Te -tpr detail below. Such interactions may be 
, n ,eract,ous, „ i, - . ^ 

10 detected by sensing techniques known to those sktlled 

sens,n« area from the "hack side" - that ,, front the opposhe s,de of he sen tn 

- r fl „id Alternative^, such interactions my be detected by 
area in contact wim tne fluid. Altern-uve, 

senstng .echnioues which probe the sensmg area from the "front stde - tha , 
rom the Side of the sensmg area ,n contact w,,h the flutd. Such detecttug m y b 
, 5 done a, the same time that the flutd ,s in contact with the sensmg — 
subsequent time, and may be done while the sensing area ,s associated w„h 

flow cell or separate therefrom. ,„„, irf .,he 

By employing a, leas, two lammar flows, it n posstble to gutde 
fluids within the flow cell in a controlled manner, thus bringing rhe firs, flu, 
2 „ (such as a sample) in selective contact w,,h a sensing area w,,h,n <he flow ce 
or e>amp,e, *re 3A dep,c,s flow eel, 300 which is similar ,„ , e o v ce 
200 of F,gure 2A, bu, having sensing area 320 located a PP rox,ma,e.y along he 
ce„,e,,in of ,he flow ce,l. !n Ms embod.ment, movemen, or 
, he mterface may be used to bnng the sample flow i„,„ contact whh <he sensmg 
, 5 area. More specifically, a sample flow (repressed by arrow » , a » 
flow (represent by arrow 340, en.er the flow ce„. travel the iength of he flow 
e„ und r lannnar flow condiuons, and «i, .h. flow cel, as represented by arrow 

F or purpose of illustration, sample flow 350 is shaded. The flow rates 
hc sampl aid buffer flows are selected such tha, tnterface 380 ,s a, a posttto 
30 whh in , c flow ce„ such tha, the sample flow is no, ,n contact wtth senstng area 



PC 
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, , ,, nr bufl - L .r (lew rates arc then adjusted to displace interface 
3^0 The sample and 01 buttu mm 

• • r ■ W as shown in Fiaure 3B. thus bringing sample flou 
380 to position interlace .,81 as shoun . 

limc5 K ^ *ove. „ ***** «*• * *° — - • c ,n . 

" u a t th^ cqmnle 11 ow is in contact witn tnt 

Ficure 3A), to a second position such that the sample 

g ■ f f P «, of Ficure 3B). The volume of sample required to 

sensing area (see interface 381 ot 1 i c urc ii) 

be ^ ™,hin *e flow ce, Af ***** <** ^ * 

2 1 420 and 430, w.th sample flow (the shaded ™> « ™ 
puffer flow ( dep,cted by arrow 465), and tnterface 470 such tha, the samp, 
2 , no t in contact ™,h either of sensmg areas 420 or 430. The Ho, ra es 
, 5 amp* and buffer are then ad JU s,ed .0 bring sampie flow 455 tnto contact w„ 
I g area 430 by movent of interface 4,0 i„ F, B ure 4A to a oca , 

■ 420 and 430 as represented in Figure 4B as mterface 47 1 . 

between sensing areas 420 and iiu, »'F 

The advantages of movmg the m.erface in this manner are as d.seussed above 
reference to F.eures 3A and 3B. In addiuon, sensing area 420 in contact 
20 btlnow can be used for a var.et, of purposes as discussed Wow. ,nc,ud,„g 

use as an internal reference. rikl ,iosed 

!„ another embodiment of this invention, a flow cell ,s dtsclosc 

havtng more than two iniets. Representative of this embodiment is a flow ceH 

nav.ng three iniets as shown in Ftgure 5A, aiso refen-ed to herem „ J »w 

c - p sa samole flow (depicted by arrow 535) enters t 
25 cell". Referring to Figure 5A, sample now ^ F 

c e„ 500 by middle inlet 53 1 . A flrs, flow , as dep.cte y arrow - 
^ How ce„ 500 ,a i„,e, 52,. and a second flow (depicted by arrow 545 e , « 
vi . inlct 541, A„ three flows travel through the flow ce, side,y-s,de and n 
lamlM r flow, and exit the flow cel, as represented by arrow 56, Agam 
30 purp ose of tllustrauo, midd.e flow 535 and flrs, flow 525 have been shaded. 
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■ r ■ «« ,nd SSO arc present between the middle flow . 
Thus two interfaces ^M) ana :>?_ ^ j 

c „„„ rates *KC n, ro s . Mh *c PO S i,,o„ wtdth , 

„! L be se,ea,ve,v controfled Fw example. * Uh*n«ed ■» > B. 

„o, * - * ^ _ - -or «. of the ow c, b > 

apprupnai u-ft^ tn locations ^ and :>X\ 

- -a „a nf Fieure 5A arc shitted to location - - 
Thus, interfaces :o0 and :oi or t igurt 

resnectivelv. as shown in Figure 5B. 

' „ ,„w Uuear flow ra.es. the flow through both the Y and T flow 

cc „ s is laming .here is »o active rnixm, of Che fluid streams, .n .he cou,e« 
of the Y now ce, the M o fluids pass through ,he flow cell a, a 
rate . and ,e position of the ,,erface ,s defined by the " = 

The follows Equation (10 describes the situation in a ,h,n layer flow (- 
a flow cell with a rectangular cross-section and wtth w»h. 



First Flow 



15 



Interface - w Flow + Second Flow 



(H) 



20 



where w is the wtdth of the flow eel, and is the Heigh, of the flow cell. Th- 
b v vary.ng the firs, and second flow rates, the tnterfaee may be moved across 

""""^tspecttothe.flowceil.oeationofthe.womterfaeesun^ 

, aml „a r flow co-ions (,,., ,n,erface r and "Interface n ruay be — 
ta the flow ce« by varying the flrs, and second flow rates ( Frrs Buffet ^ 
and ^eeond Buffer Flow") and samp,e flow rate rSampie Flow ) as 

approximated by Equations (12a) and (12b). 



FirstBuffilFlow+^^ 

Inin-fT-p 1 = W ■ — ^ c Puffer Fln\\ ] + Sample PI"" 

lntuiawt i First Buffer Flow + Sccoiui i>"jj(-r ' 



(12a) 



Second Buffer Flow 



25 



Interface 2 = w ■ J~^J uffer Flow + ^dBuJferFlow + Sample Flo* 



- (12b) 
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A mere precise calculation 

»Vi,' rxnression lor uk * uul ' 1 . 
„r ,h, ■ibove equations with the expresM 
requires correction ol the above q vdocUy 

pr<) r„ c is . p-*. , , cc „ Dm c,in E a m « «*» »«, 

K , ^ flows wnn eoua, . - ^ me ^ mo adjace „, 

— ,l(a! "" B :tl^ If th c ,0. flow ratc , te no, ,n, 

flow has now ™- - - ■ f lhe flow ce ll. T1..S K 

flow rate in the middle. The .am. \ uui 

separate flow (e.g. , a buffer) reqmr . „ ows . otherwise, difteton 

» - * se w the ,n,erfi ; rr ^ « 1 «* — - - <- 

wlU interfere wH, t h e dtrecttona ^ he s P ^ ^ ^ ^ 

mor e, dts.inc, flows, a ■ ow ra(es of te samplc mi bu ffer shouid 

is a ^-dependent proeess, the I, ear ^ ^ , 

^'^^l a, p— stnee the 

flow cell can be viewed as the 

j- „t ^raUel to the interface is negngiu' c 
concentration gradient parallel to t rf ^ flow 

• j iic in the flow cell is constant, 
concentration a, ^ ,, me « lhe interface ts the sa.e 

K " " a T:i f« IZ to transfer a mo.ee* ,hro» g h the flow ee„ at a 

as the time it takes for the now is the contact time 

certain Hnear How rate as illustrated ,n Pigur ^ _ rf ^ 

(sec ,, f is the total volume flow rate (nfcc , ^ ^ 

(m 2 /sec) . Thus, contact time ca e P ^ ^ approximately 

30 divided by the linear flow rate, and the average 



20 
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, t , 100% the erav area corresponds 
1 „,„ 0 o„.„. and the Ugh, ««c«c S| ««i»*»- 

concentration. faction of the distance and 

The exnression for concentrat.on as a iunct.on 

, , whrh has the solution of liquation (b) 
time is derived from Pick's second l«v,^h^ 

forthc one-dimensional diffusion encountered w.th a ^ow ce . 



4*,' J- 2 



0 



(13) 



V 



10 



■ (1 , is ,he expression for C or,ce„«ra,,on as a funcuon ol 

,„ short. Eouar.on ,W ,3 pcrpe „ dicu|ar from , h e 

arsrance »d time, -here x jn , he corilcxl of rhe cel., 

Equation (14): 



Co 

1 



/ j - Interface 1 



! 




(14) 



15 



20 



ranhical representations of Equations (13) and (14), 
Figur es 7A and 7B are a , ^ ^ ^ ^ x from 

respectively, for different contact times ,h ^^.^ 
the interface as discussed above, and the y-axis 

(rangl ngfrom0tol00%). repreS entative flow cells of this 

^ ^ TTZr^ of controlling laminar flow within the 
mention are disclosed which are c^ ^ ^ ^ ^ 

fl ow cell, panicularl, with respec o sample ^ ^ ^ ^ ^ ^ ^ 

cells have a variety o. use, , ^ ^ ^ thc flow cell. In this 

selectively contact a sample w.th - ^ ^ 
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, u lor cvimple H-urcs 4.\ and 41! discussed 
,„e .echniqucs discussed above. I or cvampl . . 

abm , . n,„ * ta v„„ — 1 h shoulJ , 

,elec.ivclv contacted with one of the sensing areas. Ho^cr, 
; , 7cd tha, ^ sensing areas may be ^ - ** * 
, fl rl, be - — ^ »> <>< *« — >™ """" — 

° f ' am " ,ar ""I another aspect, the sample Dow contains a ligand which ,s used 

n ,ii Ac iKpd herein/'sensitize 

., means any process or activation of the sensin.- 

. . „ caMblc 0 f specifically interacting with a oes.red 
,0 results in the sensing area being capable ol sp . , 

analyte. The tesulting surface is referred to herein as a sensitized . 

^""^tTsed herein, the _ ^ « » * 

, wide varietv of interactions. For example, 

ana yte-specific ligand tneteio. r. y renresentative 

,• •, A .„ ihe following (in the following list, a representat 
bu , are not limited to, the following , 

binding partner is parenthetically identified) antlg P > 
antibody (antigen), honnone (honraone receptor,, " ^ < 
2 0 polynucleotide (complementary polynucleotide,, avtdin (biotinX b o 

Lyme (enzyme substrate or inhibitor,, enzyme substrate or inhibitor «P 

(-fie carbonate,, £^ 

membrane-associated protein (lipid), poiy 
25 protein,, and polynucleotide binding prote.n ,po ynuCeo 

Cnt^H sl'al, organic synthetic compounds and 

proteins or nucleic acids. 



PCT /SF. 99/00063 



\VO 99/36766 



10 



15 



20 



, . „„.' cvirar ,; u, build .> chouuca, library. bcluJinp b„u„ct,o„al 

compound;. One skilled m i „,„,,. flow include a wide range ol 

and ,he correspond,,, ^ present ■ » .He e « ^ ^ 

1 j . _ . . r- IH'MM 111 (III. LlJUtVil- - 

as ln ,s ,e„„ — ... .•• „ on .c„val=n. forces, such as 

include, bu, are no, limited .0. covalui, , 

electrostatic, hydrophobicy, disperse, van dcr Waals hy 

forces, or any combination of .he same ^ ^ 

As noted above, the location of the sample 
«U as we„ as the width of the samp, flow, may be controlled in the 

This permits immobilization of a iigand in a narrow row within 
,he invention. This permits im ^ ^ ^ ^ by 

the flow c=„. For example, a ^ » immobffization 
selectively directing sample flow over the sensing 

, u . This asoeel of the invention is illustrated in ngu 
of the Iigand thereon. Ihis aspect 

wherein y How cell 800 contains sensing areas 820 830 84 
flow (depicted by arrow M5 > and buffer flow £c 
intr „duced into the flow cell, and flow ^^IT ««» * * 
exiting the flow cell as represented by arrow 885. Initially, samp 
; contact with sensing area 8,0, with interface ^ ^ 

buffer flows are then adjusted to bnng the samp 

• r now located between sensing areas 830 and mu. 

area 830, with — » 5 ; bewee „ se „ slng areas 840 and 850. 

This is then repealed U, bring interface ^ ^ 

st^(\ nervine as a control, l nc luigm 

„„„, over sensing areas 820, 830 and . ^ ^ 

r m ^^ili7pd lieand bound to tne suiwtc 
30 amount of immobilized ngan 



25 
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;::::;:r 0 ;i:::::i t — » - • - ■ - — • 

5 contmuous pad.cn, may * I — * mav be cmployeo ,„ 

,„ an alternative embodiment, a V no* . 

■,h different li»ands. As illustrated in Hgure >■ 
sensitize discrete sensing areas w„h different lu 

,1 on mav be sensitized with aineici 
sensing areas 910 and 911 ma> 

, fl „^,.;^ino a first liRand (depiciea u> a 
introducing a tirst samp- -o - (d icted by 

■» - " - Ku 900 under iamm i:,: ^' ^ - — 

Second flow 930 may, m on in which case 

embodiment, be a second sample flow — a ^ ^ 

15 sc „si,iza„o» o sens, g ar 9,^ r ^ te SKOnc 

buffer flow, the buffer flow may ^ s- ligand 

samp ,e in which ease «™™^™L* - - firs, * 
subsequent in ..me to senstng area 91 1 be.ng a ^ 

lMs embodiment, ,he firs, sample flo» may rcma,„, o, be subs,,, 

For exampie, two or more sensing areas may be sensed w„h ,h 

are possible, t- or exampic, containing 

saIM „r different l.gands by seiectively positioning *e ^ 

i xi ..li Thus in one embodiment, tnrec ^ & 
the „ g a»d wtthin me flow cell. Thu . m ^ ^ ,„ 

• 25 may be sensitized wi,h ,he same or drfferen, an ^ 

inn ^amnle flow (depicted by arrow lUiu 
Referring ,o Hgure 10. a sample fl ^ ^ ^ , 000 

purpose of illustration) contamtng a firs, hgand 
etween a firs, and a second flow (depicted b ™w 1 

qrpf , ispo is sensitized witn mc 
r espcc.,vel y ) such ma, sensing area 18- ^ 

30 Sensing areas 1021 and 1022 may ,hen be sensmzed y 
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10 ,«, within U,c .U W cel. sue, sensing " |n this 

5 th e sensing surface w,,„,n fc Ho, cel, „ so.no an*. « 

t0 . flrs, sanrple flow, thereby generaun, overlapping sens.ng - ^ 
embodimen, is generally referred ,o herem as a two-d.mensrona, or D fU» 
„ „- e „c „„H flow cells in the pracrice of .h.s mvenuon permr.s 
,„ Is„i^on"ofI,r.a P p,n g sens.ng areas w„„i„ a flow «... A representee 
D „w ee„ of this invenflon is il.ustra.ed in Figure > 'A. ™s «^ represen 
h e combination of ,wo , flow cells ,a ,0 , flow ceir, sue, that the san, 
flows are a, right angles .0 each other. Whi.e Figure ,1A depicts a 2D V flou 

, Jt , t0 n Y flo W cell may similarly be employed, or 
cell, it should be understood that a 2D Y flow cell m 

15 a 2D V flow cell having more inlets than the six depicted m Figure 1 A 3 
15 a/UTuu ls having 

inlets times 2 * flow cells), or any combination of Y and V 

any number of inlets. ^ ^ 

Referring to Figure 11 A, flow cen ivr 

1123 1,26 and 1.27. and sample inle.s 1130 and 1,32. A « - ' »«' 
' ^ ,nn„asseslhrou E htheflowcellandexistsviaoulletll50. 
20 (depicred by arrow 1131) passes throng 

SimilaHy, a second sample flow (depicted by arrow 133 an e P 
sequentially bv passing .hrougb .he flow cell a. an angle relaflve ,o the 

fl „:, >„ l ^ . - - - - • • * ^ 

J, of the firs, and second sample flows are con.roUed in the manne disclosed 
„ above with regard ,0 the ,-flow cell. Referring ,o Figure 1 ,B a s,de vrew 

"1, and second sample flows ,0 contact sensing snrface 1 160 .» the case of 
F,gorellB,r.rs.sampleflowll31isdep.e.ed. 

Bv employing a flow eel, of this invenrion. a w,de vane, o 
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i fl rt , v Mrnicted bv arrow i-^n 

Flgu , ,:a *■» » ^ «°» *M ,„„ w vield M ««. .2* 

llgaml being ^ — comainmE . ^ .,a„a , 

r ■ A second samwi^ iiw> 

as shown in I-igure UB. A scco t ^ 

<- 1 o on as demoted bv arrow 1 ^ 1 '^ U1 
dire cted across sensing surtace 1220 as dep ^ 

■ ■ , - mo as represented in Figure UD. utiicn 
yield sensitized area 1240. rep ^ ^ 

sensitized area 1222. This overlapping area is 

Ugands appHed sequentially. Qf a ^ 

i, «.-iH be recognized that sucn bcic 

r„ pvamrile to the extern 

0 surf ace pen* a m.t-e of sensitization op^ o J- ( ^ 

lhat th e second hgand — — ^ Hn2 overlapping 

ar ea 1260 may be depicted as ,„ Frgure 12E In . 

> * ^ lf fct * " ™ y react with .he .ntmob.lized reagent to 
the s£nsing surface,^ ^ ^ Ilee mat has been selecttve,, modif.ed 
yield an area or spot on the sens ^ a ^ 

with an immobilized afunctional reagent (r e , 
llga „d bond there,. ^ ^ fcy ^ 

k 1320 and 1330), each containing a drfferen. hgand. 

(d ep,c,ed by arrow . 0. 1 2 ^ ligands „ 

sensitized areas 1311, 1321 and Referring to Figure 

gen era,ed on senstng surface ,350 as shown , n F g- ^ ^ 

, 3C , three samp. Hows deptcted surface 13S0, yteidtng 

25 dtfferen, ga*a d- 

sms ::: f i D * — » - — : 

sensitized a.ea ot n D sensitized areas 1370 mrough 

F.gure 12D, and may further be represented .s sensitiz 

1378 as shown in Figure 13E. 
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Ullt ,„ *, an readd, apprecatc the ** ^ - 

..pphcattons that such a matr, a,,,,*. Has.* any 

" ,,„„, ha, m a y W captured a, — O" - « 

„, cc„ mav be Kr sample, a representative „ « 

, l,v hvbrtdization wherein the matrix may be prepared by the 
of DNA > a ; siM laminar flu , flows ;„ ,w„ dtmenstons as 

foilowtng couplmg procedures ^.^.coatcd surface 

Hisrlosed above. First. the sensor surface (sucn a. 

_ and lmmoblliKd hereon (such as 
having streptavidin bound thereto) n . 

, ,.^ r ...,.oMde«i in defined bands 1311, 1321 and l«t 

bi ( _J 1 \ \i /\ iilliliiluii.il. i IliUvj i i "- 
. r . ,™ Such bands are generated by passing sample flows 
r, illustrated in Figure 13B. Such Danas g ,o A w ;,h 

• r n^n n<; illustrated in Fieure 13A, \Mtn 
nin 1320 and 1330 over sensing surface 13^0 as illustrated . 
13 ' , - nimro a different biotinylated oligonucleotide. 

cnmnle flow containing a UK1L - 
e v wides ar- then directed across the sensor 

Complementary' DNA oligonucleotides ar. 

n^n inn and 1380 m Figure yieiumg a 
crface as illustrated by arrows 1360, 1370 and 13«u in g 

15 In 1 of immobi,,ed complementary DMA oltgonucleotide as shown 
C3E, wherein each area (,370 through 137« represents a drfTeren, 

immobilized complementary DNA. nn , itl oned to 

The liquid flow containing the active reagent can be positioned 
width from the whole vndth of the sensor area to very narrow dimensions. 

fnn the reaeents Such situations can be used to protect acuv 
r ormg hues are formed before the second d— ^ 

ehemica, syntheses on defined areas on a sensor surface . Or . 
,5 be used where reagents are difficult to dissolve tn water. ., also p s 
" the dtfeion of substances from organic solvents mto water phases ,„ the 

svst em ,n order to protect, for example, protetns from i-— »~ 

v f k Further chemical libraries can be produced by stepwise 
with organic liquids, urtner, cnem rela tivelv 

nr , nr r aces Complex molecules may be bu.lt with relative . 
reactions on sensor surtaces. ^omp. h ni1din» 
, u 'irT a hlocks This invention may also be used for bu.ldin D 
30 few molecular building blocks, mis 
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l C o„„c,e„,id=s. in dclmed ^ Bv -* ^ « 

different dimensions, as »,„ as to,, or smaller areas for .he activation. 

defined sequences can be built. _ 

Another application of ,h,s invention is for studying how n».«pW 

' biomoiecular complexes are formed and *, — °^ ^ 
epitope mapping of an antigen ,o find .he binding s,,es for a ser.es 
in rclion ,„ each other. By the procedure deserved for — psiona 

r ..„-,.„„ areas, epitope mapping may thus be performed. Ihrs ean, tor 

,„ example, be done by directly measuring .he interactions for .he tormation o 
comples bv .echn, q ues such as SPR de.ee.ion. or anaiys, of bound material 
after the las. m„,ee,,e has been introduced by fluorescence. An exemp^ 
pr0 cedure is as fo„ows: on a surface covered wi.h RA^c a,, o y, d.fe 
L are formed in one direction for a„ analyzed a„.ibod,es d.rec, y from ^ 
15 fluid- .be whole surface ,s covered by blocking antibody by one ,n.erac.,on , a 
Levan, antibody; the whole surface is covered by anttgen tha. a sorbs to a 1 
lm es with immobilized primary monoclona! anttbody; in .he second d.mens.om 
.he same anybodies are in.rodueed and .he formed complex for .he second 
interaction for each area is measured; and regenera.ion of .be who e surfaces 
20 performed. Another situation of a s.mt.a, type is when a series of, for exampl . 
P r„,ei„s form an active compiex and .be order of adsorbs substances ,s er tcal 
Different combinations of substance introduction can be introduced and 
resulting reaction pattern observed. 

in a further aspect of this invention, sensing surfaces are disclosed 

surfaces mav be used for a wide varie.y of applications. Tor example, such 
surfaces mav be sens,,i K d w,,h a different Kg-* a. each sensitized area. A 
sampie mav ,hen be con.ac.ed wi.b al, ,he sensitized areas and. based on he 
position of .he sensitized area on the sensing surface, interaction between ti, 
3 0 samp.e and any given ligand de.ermined. Contacting .be sensing surface w„h 
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of the sensing surface v, mi 
within a flow cell of this invention. 

ln another aspect of this invcnnon. a sample tlo* 

, • over a sensine surface having one or more discrete 
lammar «ow ^ tQ sensltlzatlon W1 th a samp, 

sensing areas. As discussed ah ^ ^ ^ ^ tQ a 

T — s of this — aero, a 

1183 " ' " W v,' n he sensitized bv the laminar flow technique ol tin, 

10 senslt ,zed surface (which can ^ ^ llgands on the 

invention or other technics) thereb> 

tv,p laminar flow techniques described herein acn. 

contact with a sensing area. This maj ^ 
R eferri„ g to that ^ Y-ftow <* ™ "» ^ " „ ow (depicted 
sample flow (the shaded Bui- *pW- * wjlhin tht fl „w 

iim are adjusted such that interface 380 is at a posm 
20 hy arrow 340, are adjus ^ ^ . $ensing are , 

The ; m 3 « : shi n i8 «re 3B, thus hrin g in g sampie flow 35 0 into contact 

position 381 as shown g ^ as 

• o -3in Tn this embodiment, the rise anu A a 
with sensitized sensing area 320. In ^ 

r » The voiume of sample retired ,o move the f-° n. 

area F , ? ure 3B h ^ ^ ^ ^ ^ cc „ , tse „. 

the first to second positions is some 
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. , vin( ,, r , l( ,, a volume of about 0.5 ul ior the LMAcorc 
distance trom the sensing area U , 

,„ De displaced. . .*» *«*c in voluiue *c n* « ^ •*«"' 

, „„d Similar advantages are achieved with shorter tall - B . 

5 Sr,ch fast nse and M m of — * *» ''^ 

^ thk invention mav used to 
reaction ktnet.es. For example, the tcc.mques ol this _ 

■ • nH dissociation In one embodiment, an analyte ma> 
studv association and dissociation. Enlaced 
' A . ^ine area. The sample flow may then be displaced 

pabbCU uv " " . . ' , ensina , ra and the dissociat.on rate can be 

, h ., a , lowin „ for the detection and analysis of association 
sensing area, lhereb> a.io\un ft 



kinetics. 



,„ another embod.men. of this invention, multip.e sensing areas 
, may be employed within a s,„ g ,e flow * 

flow cell 400 has sensing areas 420 and 43U, r 

„■.,.. ■ , ,i h„ arrow 4«l buffer flow (depicted by arrow 465), 
(the shaded fluid depicted by arrow 4„ l, r> 

L interface 470 such that the sample flow is no. ,n contact w„h e.ther of 
and mterface ^ ^ ,„ brmg 

20 sensing areas. The flow rates 

sample flow 455 into contact with sensing area 430 by moveme 
« a iocation between sensmg areas 420 and 430, as depicted in Figure « 
interface The advantages of moving the interface in — ^ 
discussed above. Further, because the nruitip, sensing areas are ,o »e 

the two sensing areas are negufciui , 

of sample analysis. now within 

Moreover, the ability to control location of the sample 
the flow cell in combination with multiple sensing areas, permits a wide range o 
30 Ration,' For example, st,„ referring to Hg.es 4A and «. sensing area 420 
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'Viiiik ^rnsin^ 1 area 420 o! 
imY bc a non-sensiuzed or sensitized sensing area. 1 hus. scn.s.n e 

' , , mm sensitized or blank control U c with no 

,, gur , s 4A and 4B mav be used as a non-s n ^ 

surface immobilized hgand). or a sensmzed control - 

, ,1 , ^ A blank control can detect non-spccitic binding to the scns.n e 
bound thereto). A blank conuo. orovidc 

• \ while -l sens t zed control will prouue 
„ re , (e a to the dextran matrix), while a stnsu 

' u t , necl r lc binding to both matrix and immobilized hgand. 
information about non-specitic binctm, ^ n b tric ted out" 

I this manner bulk effects and non-specific binding can be subtracted ou 

ln thlS , besl achieV ed when the immobilization levels of the hgand 

Such subtraction is best acnic\eu 

r or th , sensitized sensing area and sens.tized control, fh.s 

are tne ^m^ ioi - ur u n t i ic 

EMmP,e " ln another embod.mcnt of this mven„o, mulhple -sin, areas 
may he employed in . vanety of ^thods. For example, as illustrated by 
Z - flow cel, MO. may Have hgand — - - — - 
areas ,440 and 1460, and non-sensi.ized senstng area 1450. 8 

„ , a^ . , : 

th e sample flow co„«ain,ng .he Hgand over the sens.ng surface. However, 

prob.ng with sample flow comaimng analyle, ma, be effectuated b 

her In ,he laminar flow technics herein disclosed. For example, d 1S c e 
1- -ing areas may be made by curren.ly .own 
SUI face modiflca.ion ,echm,ues nsmg mask.ng e,, 
sampie flow con.ain.ng an analy.e may .hen be d.rec.ed ,„.o .he flow ce 

„ „„ „.« 1430 such .ha. .he sample flow con.ac.s sens.ng areas 
represented by arrow i«u, sue 

144 „ ,450 and 1460. In .lus manner, non-sens.uzed senstng area 1450 m 

a con.ro, and sensed sensmg areas ,440 and ,460 may have the 

serve as a control, unu ,, r 

• . i thPrewith This technique has particular 
0 nr Hifferent li«ands associated therewith ims i 
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lultancousls ^ in ^ thi: ' 
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body tluids. which analytc, c 
technique. mu flow cell 1400 may have 

bu ffer flow (dep.*, by arrow ,4,4) ^ ^ ^ 
the sample and buffer flow interface ,46, ben 

-fW^-d sensine area 14M) serves 

,450. in rms n.a..n... > ^ as co „ trols „ E . 

ana , yses - OTS '"; 7: ' :„l,eo li E and ; sensmg area ,460 - 
— -a ,440 - -P ' V ^ (h]s embod , menl disp ,acement of*. 
buff er flow, w,h -Ob ed ^ discre(e sensmg arMs can bc 

accomplished. Therefore, P b rely displacing .he sample 

sample flow may be done nea y - - ^ ^ ^ using 

flow over the sensing area of interest. 

multiple buffer and sample flows. exchange 

The above techniques also allow for the detecti 

c le 3^ More specifically, diffusion over the interface 
in the flow eel, isee Examp e 3, M P ^ ^ ^ 

CanbeUSedfo ;T m IlC — s » employ a chromato,* 
the interface faster than large moi 

« «ne or sample (£ ,, IW rse phase 

iooi c exchange chromatography) or orgamc so, 
chromatography) «U. vary. This vanauon pen, s ^ 
and ,n-s,.u dralysis in the flow cel., thus avo.dmg dr.u.ron P - 

sample- , . d ;ff icu lt to solve in a 

ln a further embodiment, an analyte that ,s 

allowed to diffuse into an adjacent wa 
30 the techniques set forth above. 
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lhc following 



, examples are offered by way 



of illustration, not 



limitation. 




10 



15 



20 



REPRESENTATIVE FLOW CELLS 

)e discloses rcpresentat,ve flow cells, as well as the use 
This example discloses r 4 
u ,w invention. In particular, different Y and t 

thereof in the conlexi ...... -v. 

cells are illustrated. ^ t() flow chmn els 1 and 

«pre en,,, e Y fl >-lt 1FC 4 for a 

2, and the outlet to flow cnannel . o. ^ p k 

mj a mRF AB, Uppsala, Sweden;. 
B1A core 1000 SyS '7 Tno^mOO L « -5,0. and the buffer enters 

> 5 ' Sampk fl ° W C " ,CrS , Y , " Ih sample and buffer exit the Y How ce.l v,a 
the Y flow eel, from * > ™ Bo* - , mo the flow cel, by 

outlet 1 530. Both sample and buffer (o b£ 

i • +via TT^r 4 to allow botn sampis owu 
cutti „ g an addit.onal channel m the IF y ^ ^ ^ , 80 

through the flow eel, simultanec^ , * ^ ^ 

„1 „, , three time. the volume of commerce ^ 

Fi , r e 1 o, .here sample ow en e r * « ^ ^ ^ , 64 , The , 
flows entering by inlets 1670 and , 
flow cel, is made in PMMA, and employs Pharmacta 5 pumps 
Hamilton syringes for deltver, of Duid flow tothe flow cell. 
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DiFFl^SlON OF I-'UMl) l-i.ows 

TWS «an, P ,= summarizes ^P—ts d.rectcd diffus.on of M 

* ♦ • vw now cell of hxample l. /-^ 

flows as they pass through ,„= c n id flmvs „ iIh ,„ . nnv 

i - P to the interfere between the flows. It this is noi 

**** ! of the samp.e flow and. rather dun dts.inc. flows. 

interlace v^'iui iw- 

o "cmPir" of flows will result. 

■ , Hiffi,sion width is determined after about 0., 
In this experiment, diffusion wiuui 

1 ■ ,he time takes to transport a molccu.e through the flow cell 
seconds, whtcn ,s the t.nt tak ^ ^ ^ (j££ 

of the BiAcore moment at a fto» ra , ^ ^ ^ 

Flg ure ,7A, was measured as the ™ ^ * ^ ^ , 

me as„red by ocu.artnspe.on «*»^»" ^ ^ for dlffere „, 
microS cop= mounted ,o the *,ork processor. dimensi „„,ess 

c 0 „ ta c, times a, the interface „as fltted ^ ^ 

constant fitted for each pH (see Figure 17B). Tne exper, 

Table 1 shows the experimental results ana 

tv,p theoretical values are 
calculated values for the diffuston of protons. The theoretica 

t- nA\ The C H change required to obtain a color shift 

calculated with Equation (14). The P H ch g 4 expenme nts, the 

j , - tVl a meter and ocular inspection. In these exper 
was measured with a pH meter for 

• h nH change was 0.4 pH units for phenol red (PR) and u.o P 
required pH change was u F nerceiV ed as a color change 

u i ut ,„ mm Since concentration change percei\ eu ^ 
bromophenol blue (BB). Since ^ 

, nalo0ml confer - - 

theoretical diffusion width for BB is calculate 

i "diffusion of indicator in lame 
changes 0, , P H sh,fts). The column diffusion o ^ 

describes the broadening of the color change band due to the 

• , A fluid The errors in the PR and the BB part of Table 
indicator into the acid fluid, me emi 
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ti . nil difference between the two lluids 

:ir=:::».-— , ::=r: 

st «p con.cn.ra.ion grata! make, a r 
? conc£ntratlon ^ .a,, a d.fiusecolor c, a, ^ • ^ ^ 
esnmation of the required pH change lor a color ,h,ft „> 
„ th e concenlrarion difference benveen rhe ,»o fluids decreases. 
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Table I 
Red andBiomoDh^^ 



Theoretical 



Error 




1,04 (40% j 2,2 
Glycerol) 

* _ 



B r omophenoLBai£2_— — — ^— — ~ 

_____ — ~ — 1 ""Theoretical 

Experimental 



^dicatoT [TSsoiutejR^lat^ 
ffusion 




10 



15 



u C « a constant from the fit of V5Tc to the 

prot ons mto the indicator fluid b & ^ ^ . 

0.3 sec. (correspond^ to the tin, ^ ^ m ^ 

BIAcore ™ flow ceH at a ^ rat , ^ rf ^ 

•«rfi-»trr fluid In the BB part the meoi.u .,; f r,„ n i t to 

lndn-dioi nun-. as (jiia^uu 

to the estimated pH change v 
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, . ,,,„. rfnn „e could be seen,- and """"" " l " C 

'™ J ,,d " n ' 11 L c l,, from *c ^ ™ ^ * 

a color change ot the indicator. 

, s calcul a,ed in .be co,umn -<ndica,or diflus.™ _ ^ ^ ^ 

ThE H for PR >» adjusted , .0 P l ... ircd 

]AU h im ; ts below the pKa. 1 hereioru 
lhc pH for BB was adjured 0.1 pH um.s be ^ ^ 

, fnr t color change is Urga ror do 
concentration change for a ? difficulties to 

u ti fnr the indicators arises n^u 
~ ~ -d yellow co.or for BB. 
distinguisn ociwcvn 0 f BB may not tx 

— a„d more ^ , that lhe derived .heo, 

te.ween . and 2 pH um.s. The . - - ctll Fu «he, .be «s 

■ ,= well as some small molecules, while .an 
some pro.cins of various srze, as well s ^ 
gives th e ca,cu,,ed dlfnas.cn wid.b in numbers r-ta. ^ 

-sr. -••---r.^c^s: 

0.,%. .he d.ffcslon w.d.b be,wee„ ,be m.erface and 0.1 , J ^ ^ 
b e,„een .be .n.erface and 9,9% is alsc . 3 urn- ^ ^ ^ ^ 

— - * ^ fa c - - - ^ 

, 5 separa.ion wid.b is 30 um (see g ^ ^ Th£ same 

taving a wid,b of 500 ,m ,ve 1 s 1 ^ ^ ^ ^ ^ 

cakubuo „ for sucrose g ,vcs ( ^ . sboner 

however, .ha, ,be number of bands can ^ an 

sens i„ g area, wh.ch «iU resnl, m a decrease ,n ^ 
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Table 



DiffiisionV! 



Width (^orSm^^^ 



Flow lOOUil'nun 




ExampieJ. 

10N EXCHANGE/ON-LINE DIALYSIS 



The Figure 20 shows how an .on exchange or an on-line dialysis 
mav he performed employmg the technics of this mventio, 
10 20B Jstrate ron exchange with iow ,on — ,n *■ a^^ 

Figures 20C and 20D demonstrate ion exchange when the 

figures zu^ anu different 

flow rates: 10 ul/min m Ftgures 20A and 20L, ... ,„„ 20C 

mi MD . The distance benveen the two interfaces is ,2 m 2^ * 

t?- ~onA the flow rate is 10 iii/mm arm 
i nnT > Ppfprr ne to Figure 2UA, me uuw 
15 and 20D. Retemng £ u 

.• •„ tamnle flow decreases to approximate*} 

1 00 ul/min, the salt concentrate m the sample 
„ ,0% of the ongina, c„„ce,„rat,o, and the proton concentrate ^ 
' approbate,, 20% of the ongtna, concentrate in the sample. 1 ^ ures .0 

and 20D the adjacent buffer has a high concentrate of salt and protons. 
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Example 4 

KXCM ANGP. KA'l 1 OR RFPRHSKNTAT. VF. FLOW CUL LS 

, , ,n rs% bv weieht) was used to measure the liquid 
A sucrose solution p n> wciui ; , - ■ 

t rv« Y flow cell of Example 1 (see Figure lr>K anil 
exchange rate in the representat.se ^ flo* dl P ^ 

■ , h , flow C ell of a commercially available BlAcore „uuu ^ 
compared with a now cm uiAcore 1000 

..,rr 1 flow cell") and from a commercially available BlAcore 
as an IFC . flo* ) ^ both 60 

a„d ,„ piacemen, of the valves In this experiment, referenc to the 
1FC 4 flow cells include the channels, valves and 60 »1 flow cells. 

The rise time was measured as the time it takes to reach 99 A the 
plateau val. tor different flow rates through the tested « ^ 
nse nme a S ains, the flow rate and fl^ curve ^^'^ 

nctant v With th s constant it is possioie 
constant V a . witn exchange rate constant for 

exchange rate for different flow rates and the liquid g 

the flow cell. . o . ... Y flow cell was 

A fast liquid exchange during the nse in the Y 

Refore the sample was introduced into the flow cell 
accomplished as follows. Before the samp 

only buffer was running through the flow cell. The sample flow 

dthe sample entered the flow cell. The sample flow ^ 
part of th e flow ce, At the liquid ^^^^ 
and the sample flow displaced the buffer and filled up the flow eel 
done ,n the same way as the rise. The buffer entered the flow ce 1 and feu 
only a na _ part of the flow ce, The sample flow valve clo^^ 
flow displaced the sample fluid. The t.me ,t too, to cover up th ens, 

, „f ih, interface over the sensing area ana ine 
corresponded to the movement of the mteriacc 

dlsp e rS1 o„ of the tn-erface in ,h,s context, the sens,,, area 
approbate, ..6 mm b, 0,7 mm area located between tnle, a d o„d 
3„ Fifugrc , < twith the total senstng surface betng roughly 2.4 mm by 0. 8 mm,. 
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Huures 21A and 211* compare the sensorgrams for the Y. IK" 3 

, 4 nolens. To obtuin ;in experimental relation between the rise ' L " 11e 
and 11 • < ooo< 0 f the steady state concentration was 

»«i ^ * C ^ t,mC l ° ^ : (w Fl _21C) according to 

measured and plotted versus the sample flo* (sec > c 

5 EqUali ° n (9> ' - • (U » was used to calculate the liquid exchange rate 

hquation 10) was ustu 

» , s To net a valid estimate of the reaction rates, 
constant tor different How rates, lo get 

KT . » than the on-rate and the off-rate. The larger K Lqx the taste 

kLqX " , ir . ^ .suits of th.s calculation are present in Figure 22 which 

, 0 :::: «. — - - - — - ce,,s - 

d,fferenlfl0 ^:;:B IAOT e 1F C3 a „ dI rC,no»ce,M h e,„ tWft c ei s„„ S ea 

a the leneth of the detection area is 10 
i ^v, nf the sensine area and trie lengm oi 
out over the length of the sensing Hi , nlaced over the sensing 

um£s th e wi*h. in .he Y flow ce„ .he ace „ ^« J side 

15 are a ■„ a d.reCon P-e, .0 te vrfdd, of ,he flow ce» . ... ™« - 

„ a „, Thus , *. ** - — ^ 

v. trr or IFC 4 flow cells. This movement transverse 
the IFC 3 or IFC ns why the 

combined with the small dtsperston m the Y 11 
exchange of fluids can be done much faster in the Y flow- ce 

The faster liquid exchange during the rise for 
- the fall ( „ Figure 22) is due to the fact that .e ^ 

The higher flow before the fall for the Y T he buffer 

, • . f „ ;« fimher awav from the sample flow inlet), 
area ( i. e. , the interface is further aw . 

■ • .u tr-r 1 and IFC 4 flow cells is placed closer 
2 ; fl0 w valve in the IPC 3 and ltL 4 tl p lFn and 4 flow cells is less for 

i flnw valves (ie the dispersion in the IFC3 and 4 
the sample flow valves (,. P g ^ ^ fl(jw) 

the liquid exchange to buffer flow than tor the q ^ 

These two effects together explain the improvement of the rise comp 
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SENSITIZATION AND ANALYSIS 

• nt metrites the use of a representative Y flow cell 
This experiment illustrate mi. u r 

x t , „v„ different lisiands on discrete sensing areas, 
s of this invention to immobilize mo different 1 

^ with rwo fluid flows passing through the flow cell siat 
Immobilization was done with monuiuu , 

Lde under ,a m ,nar flow condUions. A B.ACore 2000 was emoio^ fo Mh» 

p , iM , os,n E ,he V flow cen of ^ .5. ^ *~ ' " 

P u : r : ., , t -, rs , ,; rand (,,., biotinylated oligonucleotide 1>« 
th e , m mo„,hza„o„ of a Ars ( ^ ^ ^ ^ 

in railed "Rl") over sensing area 1 and trie ouuu 

! „1- or Dun„ S the immobilization there were no responses from 

s 2 and 3 _ The sensorgram shows a « effect from the 

sensing areas 2 and J. i» c , . 

a. , ,hP hnffer flow over sensing area z anu j. 
immobilization flow, but not from the buff. A biotinylated 

During the immobilization of a second hgand {i.e., 

1 t'H IS met called «R2») over sensing area 3, there was no response 
15 oligonucleotide 15-mer cauea rvz , r i par i v 

• , and •» as shown bv Figure 23B. These sensorgrams clearly 

from sensing areas 1 and as snown . . f1if w nt ligands 

sno „ tha. the Y flow cel, is very good for immobihzauon of two dtfferen, Itga 

in ' ** "C 2K shows the .mectton of an analvte „,.. a o„ g o 16-me, 

2 „ caned -R*-, complementary ,o Rl). The en.ire sens,n g surface was conned 
20 caiiea wUh bQth of the 

with the analyte. Even though the anal>te 

with tne ana y interaction with 

sensitized areas {i.e., sensing areas 1 and 3), only the sp 

, vp a resoonse The non-interacting hgand and the non 
sensing area 1 gave a response. ^ ^ 

sensitized area can be used as references. Figure -3C s 
2 S all the sensing areas, this bulk effect is subtracted out in Figure 23E. Figure 
Us , he m/ection of a different analyte ( an oligo 

n->\ ti,p hulk- effect is around K>U KU, oui 
"R5". complementary to R2). The bulk etieci 1. 

effect may be subtracted as shown in Figure 23F. 
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I- mm the foregoing, it 
embodiments of the invention have 
illustration, various modifications ma> 
and scope of the invention. 



be evident that, although specihc 
been discussed herein for purpose of 
be made without deviating from the spirit 
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CLAIMS 

We claim: 



1 . A method of sensitizing a sensing surface arranged to be passed 

by a liquid flow within a flow cell, comprising: 

providing a laminar flow of a first sensitizing fluid and a laminar flow of 
a second fluid adjacent to the flow of the first sensitizing fluid such that the two 
laminar fluids flow together over the sensing surface with an interface to each other, at 
least said first sensitizing fluid being capable of sensitizing the sensing surface, and 

Ousting the relative flow rates of first sensitizing fluid and second flu.d 
to position the interface such that the first sensitizing fluid contacts a discrete sensing 
area of the sensing surface for selective sensitization thereof. 

2 The method according to claim 1 wherein the second fluid does 
not interact with the sensing surface to thereby produce a sensitized area and a 
non-sensitized area on the sensing surface. 

3 The method according to clmm 1 wherein, in a further step, the 
first sensitizing flu.d is replaced by a fluid that does not interact with the sensing 
surface and the second fluid is replaced by a second sensitizing fluid that is capable of 
sensitizing the sensing surface differently than the first sensitizing fluid to produce two 
differently sensitized areas, optionally spaced apart by a non-sensitized area on the 
sensing surface. 

4 The method according to claim 1 wherein the relative flow rates 
of the laminar flows are varied to displace the interface laterally and provide a 
gradient-sensitized area on the sensing surface. 
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S The me 



,hod according to clan, 1 wherein the relative flow rat. 



■ ,„lv vincd to provide a continuous 
of th e laminar Hows are continuous!) Nancd p 

gradient-sensitized area on the sensing surface. 

i -™ l wherein an additional laminar 
6 The method according to claim 1 wherein 

th , Hr ,; n , r flow of the first sensitizing fluid is sandwiched 

lUlCi SO LUcIl Lii^ 

laminar flows of the second and third fluids. 



7. 



The melh0 d according to Cairn 6 wherein the second and third 
fluids are not capable of sensitizing the sensing surface. 

8 Th e method according to claim 7 wherein the method is repeated 

• • ■ r s t fluid and with varied relative flow rates of 
with at least one different sensitizing first fluid and w, ^ 

-A** at ip*.<;t two adiacent sensitized suna^ 
the second and third fluids to provide at least two J 

the sensing surface. 

H^ms 1-8 wherein 
„ The method according to any one clamts ' 

of the S ensin g comprises immohiiizine an anaiyte-specific „ E and 

to the sensing surface. 

10 The method according to Cairn 9 wherein the anaiyte-specif.c 

u^w^mtp nlieosaccande. recepioi, ^ r 
oligonucleotide, carbohydrate, ol go substrate , enzyme 

phospholipid, protein, hormone, avidin, b.ot.n. enz>m , . 
inhibitor and organic synthetic compound. 

i • i nr ft wherein the first sensitizing 
11 The method according to claim 1 or 6 wherein in 
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sensitized area on the sensing surface. 
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• - ■ nuiri tn vi'^ci an overlapping 
ensitizmg iluici to < 11 - m - 



i • ii wherein the first sensitizing 
, i The method according to claim 1 1 "herein 

f , nnrt nt least two different second 
fluid sensitizes an area on the sensing surface, and at least 

r rl transversely to the direction of the first sensitiz.ng fluid 
sensitizing fluids are applied transverse!* 

t0 yield at least two overlapping sensitized areas on the sensing surface. 

! 3 The method according to claim 1 1 wherein at least two different 
« — fluid sensitized at least two parallel areas - 
t wt two different second sensitizing fluids are appl.ed transversel> 

sensing surface. 

14 The method according to any one of claims 11-13 wherein at least 

• • • fi m nr the second sensitizing fluid is an analyte- 
the ligand of the first sensitizing fluid or the second 

specific ligand. 

a\„o to claim 14 wherein the analyte-specific 

15 The method according to claim it wi 

llgand 1S sel ected from the group consisting of antigen, antibody, antibody » 

lonucleotide carbohydrate, oligosaccaride, receptor, receptor fragment, 
oligonucleotide, £nzyme 

phospholipid, protein, hormone, av.din, biotin, enzym , 
inhibitor and organic synthetic compound. 

r^,^, 11-13 wherein at least 
16 The method according to any one of claims 11 13 

the „ 6a „d of *. firs, sensing fluid or Ok second scnsmz.ng <- ,s . - 

ligand. 
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17 . A sensitized sensing surface made according to tire method of any 



one 



: of claims 1-16 



, g \ method of » « «* « ""^ """^ 

, MS , 11Z ,„„ . ^ sensing area o„ a sensing surface by the method according .0 any 

c ,i, ms ,,, «~* * «. - « - — 

interaction between the analyte and the sensing area. 

19 The method according to claim 18 wherein at least one 
non-sensitized area on the sensing surface is used as a reference. 

The method according to claim 18 wherein at least one sensrtized 



area on 



20. 

the sensing surface is used as a reference. 



21 



, , A method of analyzing a fluid sample for an analyte. composing^ 
providing a flow cel. having a sensing surface assocrated therewith, 
wherein the sensing surface has a, ieas, wo discrete sensing areas thereon and 

selectively contacting the fluid sample with at leas, one of the discrete 
sensrng areas b, passing the fluid sample through the flow cell under laminar flow 
I; o s w»h a Lend fluid, wherein selecrtve contact with the a, ,eas- one discrete 
rig area is controlled hy adding the re.ative flow rates of the fluid sample and 
the second fluid. 

n The method according to claim 21 wherein the fluid sample 
pa sses through the flow cel, under laminar flow conditions w,„ the second fluid and 
Lher with a third fluid located on the other s,de of the flow 0, nc samp . d 
,„a, the laminar flow of the sample fluid ,s sandwiched bc.ween the second and 



flows. 
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The method accordmg ,0 claim 21 wherein .he relative How rates 
of the and .he -end flow are adjusted ,o bring .he sample flu.d m,o 

111. w,,h one of .he a, ,eas, , „ discrete ^ areas .ha. was no. ^ - 

contact with the sample fluid. 

24 The method according .0 claim 22 wherein the relative flow rates 
cf the seeond and third flows are adpsted to bring the sample flow into contact w,,h 
one of the at leas, two discrete sensing areas tha, was no, previous,, ,r, w 

the sample fluid. 



The method according to claim 21 or 22 wherein one of the at 
least two discrete sensing areas is a sensitized sensing area. 

26 . The method according to claim 21 or 22 wherein one of the at 
least two discrete sensing areas is a sensitized reference area. 

27 . The method according to claim 21 or 22 wherein one of the at 
least two discrete sensing areas is a non-sensitized reference area. 

28. The method according to claim 27 wherein the non-sensitized 



was previously a sensitized sensing 



area. 

area ~~ ~~ 



29 . A method of analyzing association of an anaiyte in a fluid sample, 

which method comprises: thprpn f the 

providing a now cell having a sensing area on a wall surface thereof, 

sensing area being capable of interacting with the anaiyte; 

passing fluid sample in a first laminar flow through the How cell. 
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" SenS ' nS T. second s.a.e, ^ <* ra.es of .he iammar ^ 

, - -nterface laterally ,uch that the sample flow contacts the .ca,..^- 
displace me interface latera.lv ^ ^ ^ scnsmg 

determining association of analyte 

area. 

30. A method of analyzing dissociation of an analyte in a fluid 

sample, which method comprises: ^ 

providing a flow cell having a sensing area on 

te second iam,nar flow being adjacent ,o ,he firs, lammar 

, he , merface nl „ .ammar flow, such ,ha, ,he sa m p>e fluid flow con,ac.s *. 
— « , secmd slate , „ th e reia.ive flow ra.es o f .he ia— ws ,o 

area; and rtr ; n o ^re^i 

de.em.ming dissocianon of analy.e from .he sensmg area 

,, A sensor device comprising a flow eel! having an inlet C ^ ^ ^ 
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oe.wcon the n.lct and ends, .herein ,he „*• «■ « - - «• 

I le, end. and a, leas, one outle, opening a, the out,, end. such tha, separate 

;:i: M d ^ ^ - «„, «» - — - - — - 

How side by s.de through the flow eell over the sens.ng surface. 

32 . The sensor dev.ee according «o claim 31 wherein ,he flow cell has 
two inlet openings and at least one outlet opening. 

33 The sensor dev.ee accord.ng to claim 3 1 where.n the flow cell has 
thr ee ,„,e, openings and a, leas, one ou„e, open.ng to permit es.ablishmen, of three 
adjacent laminar flows in a sandwich fashion through the flow cel.. 

34 The sensor device according to claim 32 or 33 wherein the flow 
ecu further has a, least two addition, in,, openings and a, ,eas, one 

opening arranged essenfl* transversely ,o the fluid pathway between ,h= tnle, and 

outlet ends. 

35 . The sensor device accord.ng to claim 32, 33 or 34 wherein the 
sensing surface is tumably mounted within the flow cell. 

36 . The sensor device according ,0 claim 31 wherein the sensing 
surface has at least wo discrete sensing areas thereon. 

37. The sensor device according to c.a.m 36 wherein one of the a, 
least two discrete sensing areas is a reference area 

38 The sensor device according to claim 36 wherein one of the a, 
teas, two discrete sensing areas ,s capable of specifically interaC.ng wi,h an analyse. 
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• * c^n^rir device according to anv 
A sensor system, comprising a sensor deuce 

nnc claims ^ 1-3 8 and farther comprising: 

" means for appiyng ^ » «~ *° M « "* 

SUrfaCC; mea „ s for va , lng lh e ^ flo* rates of the iammar flows of «, » 
^ *. respective iaterai extens.ons ,f*c taft. flow, over * -« -face; 

detcct.cn means for detecting interacts events on the sensing surface. 

40. The sensor system according to claim 39 .herein the detection 
means comprises an optical sensor. 

a- „ +r. rlaim 40 wherein the optical 

41. The sensor system according to claim 4U 

sensor is based on evanescent wave sensing. 

A- nn tr> Maim 40 wherein the optical 

42. The sensor system according to claim 4U w 

sensor is an SPR-sensor. 

43 A method of synthesizing compounds, uprising sensitizing a 

■ „ crfarr hv the method according to any one ot 
discrete sensing area on a sens.ng surface by m 

Cairns M6, wherein such sensit.zation constitutes the suecesstve add.tton of chem 
moieties to achieve compound synthesis. 

44 A method of synthesizing peptides or oiigonucleotides 

enrfare bv the methoci 

oligonucleotide synthesis. 
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